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ABSmCT  (C) 


Spaced  armor  has  sometimes  been  known  to  exhibjL  ^  marked 
sv5>eriority  in  resistance  to  penetration  over  a  solid  target  of 
equivalent  weight.  A  single  opaced-ancor  arrangement,  consisting 
of  a  single  plate  spaced  at  various  distances  from,  and  parallel  to, 
a  much  thicker  main  armor,  was  tested  against  statically  and  c^yiianrlcally 
fired  106-inm,  1044,  HEAT  jarojec tiles  at  several  obliquities.  Results 
indicate  a  redictLon  in  total  steel  penetration  due  to  spaced  armor, 
with  “^he  reduction  increasing  as  the  spacing  increases. 
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1,  (C)  INTRODUCTION 


It  has  been  knovm  for  many  years  that  arrangements  of  armor  containing 
one  or  more  air  spaces  sooe times  eihiblt  narked  superiority  in  resistance  to 
penetration  over  a  solid  target  of  equivalent  KBlght*  This  feature  has  not, 
however,  led  to  tlie  widespread  use  of  such  armor,  not  only  because  of  design 
problems,  but  becavise  penetration  data  have  not  consistently  displayed  a 
worthwhile  improvement  in  protection.  Recent  tests  have  shown  that  spaced 
armors  effectively  defeat  HEP  projectiles  and  considerably  degrade  the  penetra¬ 
tion  of  certain  types  of  kinetic-energy  projectiles,  especially  those  employing 
tungsten-carbide  penotrators. 

Spaced  armor  has  also  been  proposed  as  a  defense  against  HEAT  ammunition. 
Several  agencies  have  reported  test  restilts  and  the  conclusions  reached  there¬ 
from  have  differed.  Some  publications  (References  1  and  2)  have  indicated 
that  spaced  armors  arei  of  little  valtie,  and  under  certain  conditions  perhaps 
give  worse  performance  than  convention^  aimor.  Others  (References  3  and  4) 
have  found  spaced  armor  to  be  quite  effective  in  reducing  shaped-charge 
penetrations.  Reference  6  shows  that  spacing  alone  will  decrease  signifi¬ 
cantly  the  penetrating  ability  of  the  1044.  The  lack  of  agreement  in  the 
conclusions  seems  to  indicate  that  the  basic  factors  responsible  for  the 
observed  performance  of  spaced  armor  are  not  completely  understood. 

The  tests  reported  here  were  designed  to  study  tho  significant  factors 
associated  with  dynamic  versus  static  firings,  and  the  effect  of  plate  spacing 
and  armor  obliquity  on  depth  of  penetration  of  the  M344,  HEAT  projectiles . 


2.  (C)  DESCRIPTION  OF  lATEKIEL 


All  skirtixig  plates  used  during  the  test  were  flame-cut  to  12  by  18 
inclies  from  larger  pieces  of  1/2 -inch,  SAE  1020,  mild  steel,  with  a  hardness 
of  approximately  125  Bhn. 

The  main  armor  was  made  up  by  stacking  and  banding  a  sufficient  number 
of  4-  by  3-foot  by  l/2-inch,  SAE  1020,  mild  steel  plates  with  a  hardness  of 
approximately  125  Bhn. 

The  106-ct,  heat,  J044  projectile  was  \ised  throughout  the  test.  Tiro 
lots  cf  projectiles,  U14>^  and  M14^,  were  used.  Complete  rounds,  loaded 
with  sex'V'lce-veloci'ty  c'.arges,  were  used  for  the  dynamic  phase  of  the  test. 
The  cartridge  case  and  propellant  were  removed  from  the  rounds  that  wore  to 
be  statically  detonated.  They  were  statically  detonated  xislng  a  pressed 
tetzyl  booster  and  an  electric  blasting  cap. 
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Zn  additloTi  to  the  nodification  necessary  for  static  detonation,  40 
rounds  received  additional  modirication  in  that  the  ogive  of  vhe  projectile 
eas  sawed  off  just  ahead  of  the  cone  base  (Figure  1) . 


Figure  1  -  B29956:  Uodified  Shell  (left)  Shcsm  with  Unaodllled  Shell. 


3.  (C)  DmiLS  CF  TEST 


3,1  Procedure  and  Results 


firing, 


The  testing  program  was  divided  Into  static  detonation,  d^nwuKio 
and  special  static  detonation  phases* 
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PROJECTILE 


PROJECTILE  REST 


SUPPORT 

-L  DISTANCE  FROM 
SKIRTINO  PLATE  TO 
MAIN  ARMOR 


■r— SKIf  .INO  PLATE 


•TOTAL  STANDOFF 


MAIM 

Figure 


?3at  Jctup  Used  for  Jtatic  Detonation  riuino. 


1.0  ji.r.c^d-'anKT  „in*  In.uG J 

?  V2-ii!c’.  raid  s’vOol  plito 

‘ran  .<  r.t  -;1 


3,1.1  Jt.itlc  Detonati'.  ! 
tills  piuwu  ca'-Tisl-i  i  o' 

nui ported  fArallel  to  -r^l  z  *  ;"U.n”0  ^  ^ 

at-jol  pLitoa.  ?!«  flldrtloc  plulio  va.i  in..  jx)rL<;d  1.,  ^  ua-vlon  r  i*,cr  .3; 

The  dcoired  obLLquit^^' na.-?  obtained  by  r  uTciiic  Lhe  .-rojccUio  on  a  vfooden  real 
profabricatod  to  give  tho  roqvvJ.rcd  oblirpdty,  Tc.ets  >701-0  conducted  it  0®,  4^5® 
and  60®  obliquity.  Tlio  i-ojultant  c’a;;i  aro  pr:a  rt-d  in  tuo  .*ayn  in  Tabloa 
lA.  and  IB. 
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Table  Ii‘i. . 


Total  lAno-of-Jot  r'^riotr^ation^  C; 

Ai’r.ior  by  SiaticaU^  DctaralaJ  a:!. 


Mile’  bvOal  OiAiocu 
M3 '4,  tEAT  rroJ-c;';:.loj, 


Lot 


;  / 


CCLIOUITY 


Dio  tinco 

B, 

inches 

0"'  _ 

_ _ 

60^  _ 

Over-all 

Average, 

inches 

^J.'ean 

in. 

,  3td  Dov> 
in. 

^rioan, 

in. 

Std  Dov, 
____iii._ _ 

'^an, 

’.n. 

3td  Dev, 
ill. 

0 

17.3 

0.49 

17.7 

1.6 

17.5 

6 

15.0 

1.04 

— 

— 

— 

15.0 

12.0 

2. 00 

14.3 

1.12 

12.5 

2.92 

13.20 

24 

9.9 

2.60 

— 

— 

0.5 

1.02 

9.2 

\Q 

— 

— 

— 

— 

5.S 

1.7/ 

5.8 

^10- 

-roxind 

croups. 
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Table  IB.  Total  Perpendicular  I^netrations (X  +  Z)  into  Wild  Steel 

Spaced  Annor  by  Statically-Detomted  106-inni  HEAT  Projectiles, 
Lot  1A4-4. 


QBLIQUITX 


nistance 

0° 

45^ 

’ 

^ } 

Weanj 

Std  Dev, 

Wean, 

1  Std  Dev, 

Wean, 

std  Dev, 

inches 

in. 

in. 

in. 

in. 

in. 

in. 

0 

17.3 

0.49 

8.9 

0.80 

6 

15.0 

1.04 

— 

— 

6.3 

1.46 

8.5 

— - 

— 

10.1 

0.79 

.... 

12 

12.8 

2.08 

— 

4.: 

0.51 

24 

9.9 

2.60 

— 

- - 

2.9 

0.89 

/TO  ^ omparis ons  of  the  penetration  data  for  the  same  llne-of-jet  standoTfs 
Inctos  and  24  inches)  indicate  no  significant  difference  dve  to  obliquity. 
Figure  3  is  a  plot  of  the  same  data  versus  standoff. 
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total  penetration,  inches 
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I - -  ~ 

O  0*  OBLIQUITY 

*  45*  II 

•  SO*  II 


TOTAL  standoff,  INCHES 

Plotted  points  are  averages  of  io  rounds 


Figure  3-  penetration  of  Mild  Steel  by  106-MM  M344 

HEAT  Projectile,  Statically  Detonotcd,  at  Various 
Obliquities  ond  Amounts  of  Standoff 
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3>1*2  Qynamic  Firing  Ibaae.  StSLndard  plate  butts  vere  used  to  support 
the  bain  armor  at  the  desired  angle  of  obliquity.  A  special  steel  plate- 
holder  vas  fabricated  to  support  the  skirting  plate  and  hold  it  rigidly  at 
the  desired  angle  of  obliquity;  however,  It  was  rendered  useless  after 
only  one  round,,  so  thereafter  wooden  stouads  were  fabricated  to  bold  the 
skirting  plate  at  the  required  obliquity.  It  Is  believed  that  little,  If 
aiay,  skirting  plate  rigidity  was  sacrificed  by  using  skirting  plate  supports 
made  of  wood  rather  than  steel  because  of  the  extremely  fast  fuse  actlcxi  of 
the  projectile  and  the  inertia  of  the  skirting  plate.  The  recoilless  rifle 
was  positioned  150  feet  from,  and  at  zxurmal  aslsuth  to,  the  skirting  plate, 
idilch  was  in  front  of,  and  parallel  to,  the  main  armor  (Figure  4). 


Figure  4:  Ibst  Setup  Used  for  dynamic  Ibase. 
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The  average  depth  of  penetration  versus  standoff  for  various 
obliquities  along  with  their  standard  deviations  are  tabulated  two  ways  in 
Tables  IIA  and  II B  . 


Table  IIA,  Total  line-of-Jet  Penetrations  (A  +  C)  Into  UUd  Steel 

Spaced  Araor  by  Eynamically  Fired  106-iim  1044  HEM  RroJectilB. 


8 


QBLIQUITI 


Distance 

B, 

inches 

0® 

_ 4^. 

6o° 

Over-all 

Average, 

inohes 

®Maan, 

in. 

Std  Dev, 
in. 

^Mean, 

in. 

Std  Dev, 
in. 

^liean, 

in. 

Std  Dev, 
in. 

0 

^20,1 

0.56 

18.7 

0.59 

20.5 

1.91 

19.77 

6 

'^0.0 

.73 

— 

— 

— 

— 

20.0 

12 

^19.3 

.86 

16,0 

2.20 

17.2 

2.38 

17.50 

17 

^•5.1 

3.33 

— 

— 

— 

— 

15.10 

24 

^5.1 

1.34 

23.3 

1.79 

12.8 

3.52 

13.73 

4S 

— 

— 

— 

— 

8.5 

1.47 

8.50 

^Ten-round  groups, 

'^ojectile  lot  JA4-9;  all  others,  lot  IA4-4  . 
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Table  II B .  Total  Perpendicular  Penetrations  (X  +  2)  Into  laid  Steel 

Spaced  Annor  by  D^TTandcally  Fired  106-fnm,  HHAT  Projectiles. 


I, 

inches 

0 

6 

8.5 

U 

17 

24 


Std  Dev, 
in. 


Ifean^ 

in. 

20.1 

20.0 


19.3  — 

15.1 

15.1  — 


I.Toan,  Std  Dev, 


in. 


in. 


13.2 

11.3 

9.4 


0.42 

1.56 

1.27 


Mean; 

in. 

16.3 

8.6 

6.4 

4.3 


Std  Dev, 
in. 

0.96 

1.19 

1.76 

.74 


High-speed  motion  pict\iros  (16-inra  Fastax)  wtr3  taken  of  five  rounds  each 
impacting  the  skirting  plate  at  45  and  0  degrees  obliqxiity.  As  can  be  seen 
from  Figure  5  the  projectile  eas  photographed  approxlasitcly  9  tines  per 
millisecond  prior  to  impacting  the  skirting  plate.  No  evidence  of  ogive 
collapse,  skirting  plate  movement  or  collapse,  or  projectile  skid  vos  found 
after  careful  examination  of  all  the  hiigh-speed  motion  pictures  taken. 


il 
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Figure  5  -  59TU93J  106-Bin,  1344,  HEA.T  ProJecUlo,  Fired  Pyneadcalljf, 

is  Shmn  ftrior  to  and  After  Imractlnc  the  Skirting  Plate  Set  at  45*  Obliquity, 
rOb  Loirer  Picture  Indicates  that  tl»  Skirting  Plate  is  Intact  After  the 
Projectile  Fuze  has  tuncUoned,  The  Projectile  is  Shoim  to  be  Partially 
Intact  on  tt»  Original  FUmj  However,  the  Details  wre  Obecured  in  this 
Reproduction,  (The  Front  Sections  of  the  Projectile  and  Skirting  Plate  are 
Outlined  in  Ink.) 
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3.1o3  Special  Statd  -  Detonation  Fiiase^,  Eight  ICHround  groups  of  106-ank 
1G44;,  HEAT  projectiles  vere  staticaXly  detonated  at  0  degree  obliqtdLty  to 
provide  additional  data  f  o£>  stiidylng  the  effect  of  various  factors  on  the 
depth  of  penetration. 

Thirty  rounds  iiere  detonated  at  various  standoffs  (Figure  6)  iiith 
8-7/8  inches  of  the  ogive  cut  off  (Figure  1)  to  detemrine  the  effect  of  the 
ogive  on  depth  of  penetration. 

Tirrj  ten-round  groups,  irei'©  detonated  statically  at  48*5  inchea  frcka 
tlie  main  amior.  For  one  of  these  groups  the  projectile  rested  on  a  skirting 
plate  (Figure  2) ;  for  the  other  groiq?  the  projectile  sas  detonated  iihile 
suspended  In  the  air  48. 5  inches  freta  the  main  armor  (Figure  6), 

Since  tiro  lots  of  projectiles  sere  used  during  the  previous  firings  > 
both  lots  sere  tested  under  tsc  test  conditions  to  provide  a  direct  conpaxison 
and  a  basis  for  decision  on  the  validity  of  ccmblning  data  of  the  tec  lots  in 
other  comparisons. 

The  average  depth  of  penetration  verstis  standoff  is  shosn  in  Table 
in.  All  projectiles- were  from  ot  ML4-4  unless  othersise  vindicated. 


Table  in ,  Depth  cf  Penetration  by  ProjectileiS  Detonated  Statically 

at  0  Degree  Obitquiiy. 


S-tandoff  from  Ogive  Mociified  Projectile  sith  Unmodified  Projectile 

as  Defined  in  Fig, 6,  8  ■7/8*’ of  Ogive  Removed  With  Ogive  Intact 


inches 

^lfean.,in. 

Std  DeVj  in. 

^Jfeanyin. 

Std  Dev  fin 

0 

20.2 

0.59 

^17.8 

1.08 

12-1/2 

— 

___ 

12.4 

2.35 

. 

^.1 

2.14 

13-1/8 

19,8 

1.01 

— 

— 

25-1/8 

15.6 

2.83 

— 

— 

48 

0  7,1 

1.79 

48-1/2 

— 

— 

7.3 

3.00 

49-1/8 

10.7 

2,92 

— 

— 

^en- -round  groups. 

^Rrojeotile  Lot  No*  MA.  4-9. 

°l/2~inoh  mild  steel  skirting  plate  used. 
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3*2  ^ujmary  and  Anal^i<j 

Hie  results  of  the  test  provide  data  for  studying  the  effect  of  various 
factors  on  the  depth  of  penetration  of  the  1044  Projectile,  TaJcen  up  specifi¬ 
cally  in  the  paragraphs  that  foUoir  are  differences  between  two  lots  of 
projectiles-^  differences  among  various  obllqui-ties ,  cou^riron  of  static  and 
dynamic  firings^  -the  effect  of  cut-ting  off  -the  ogive,  and  the  effect  of  the 
armor  skirt. 

Under  -fcnr.  conrtL-tLona ,  projec-tile  lo-ts  UK  4-4  and  MA.  4-9  were  both 

-tes-tedo 

At  0  degree  obliquity  and  at  a  12-1/2  inch  standoff.  Lot  1A>  4-9  (Table 
m)  gave  an  a-verage  pene-tratLoc  of  13.1  inches  and  Lot  HA  4^  (Table  m) 
under, the  same  conditions  gave  an  average  penetration  of  12.4  inches.  Tbo 
difference  47  inches  greater  penetra-bion  for  Lot  HA  4-9) ,  is  about  one-third 
-the  s-tandard  de-viation  of  cither  sasple  group.  #  t  0  degree  obliqui-ty  and 
0-inch  standoff  Lot  MA  4-9  (l^ble  III)  gave  an  average  i)cnetra-tion  of  17c 8 
inches  and  Lot  MA  4-4  (Table  I)  gave  an  average  pene-tra-tlon  of  17.3  Inches  - 
a  difference  of  0.5  inch. 

Since  -these  differences  are  small,  and  neither  Is  sta-blstLcally 
significant,  the  "true”  difference  (for  s-ta-tic  detonations,  at  least)  is 
expected  to  be  small.  Consequently,  da-ta  from  the  two  lo-ts  -were  combined 
in  -the  subsequent  analyses. 

The  averages  of  Table  II A  ,  and  points  plotted  on  Figure  7,  suggest 
-the  existence  of  an  effect  of  obliqui-ty  on  -the  depth  of  penetra-tion  (i.e., 
penetration  decreases  with  Increasing  obliqui-ty).  The  suggested  pat-tem, 
however,  does  not  prevail  -throughout  -the  tJita,  F\arther,  in  view  of  the  fact 
■that  -the  projectiles  at  zero  obliqui-ty  were  from  a  different  lot,  a  differ¬ 
ence  be-tween  lets,  even  -though  smll,  would  appear  as  an  effect  on  obUqui-^ 
and  -tend  -to  distort  or  obscure  a  small  obliqui-ty  effect.  No  consistent 
effect  of  obliqui-ty  -was  found. 

A  c\irve  of  penetration  -versus  dis-tance  da-ta  between  skir-ting  pla-te 
and  main  araor  -wag  fit-ted  to  the  averages  (dynamic  firings)  in  Table  II. 

This  cuT'/e  is  shown  as  a  solid  line  in  Figure  7.  Ihe  anal^ical  expression 
is  r  =  20.18  -  ,261  X  <^,00026x22,  where  Y  is  the  penetra-tion  and  Z  is  the 
standoff  distance  (bo-th  in  inches),  and  0  ^  x  ^  48,  (The  sinqsle 
expression  Y  =  20..L1  -  .2501  describee  tlie  d&ta.  almost  as  well.) 

A  curve  similarly  deri-ved  from  the  resul-ts  of  static  detona-tlons  is 
shown  in  Figure  7  as  a  broicen  line.  Ihe  difference  between  -these  curves 
(from  3  "to  5  inches)  is  a  measure  of  -the  difference  in  depth  of  penetration 
be-tween  d/namic  firings  and  s  fa -tic  detonations. 


sta-tlstlcal  analysis  of  the  da-ta  is  based  on  Analytical  laboratoory  Report 
59-AL-20,  by  Mr.  J.  S.  Ikgan. 
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ALL  ROUNDS  FIRED  STATICALLY,  AT  0  OE6RCCS  OBLIQUITY 
PLOTTED  POINTS  ARE  AVERAOES  OF  10  ROUNDS 

FOR  THE  UNMODIFIED  SHELL,  THE  DISTANCE  BETWEEN  PROJECTILE  AND  ARMOR  J  FOR  THE 
MODIFIED  SHELL  (e-V8"0F  OOlVE  CUT  OFF),  THE  DISTANCE  FROM  PROJECTILE  TO  ARMOR 

LESS  s-r/B". 


Figure  8  •  Penetration  of  Mild  Steel  by  I06'MM  M344  HEAT 
Projectiles,  Modified  and  Unmodified,  at  Vorious 
Amounts  of  Stondoff 
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The  data  of  Table  in  are  shown  on  Figure  8»  The  points  were  plotted 
so  that  results  for  shell  with  the  same  total  standoff  would  have  the  same 
abscissa.  Lines  fitted  to  the  two  seta  of  cfeta  (modified  and  unmodified) 
show  the  effect  on  penetration  associated  with  the  shell  modification.  The 
difference  between  the  curves  indicates  an  effect  of  4  to  6  inches,  in  static 
detom  tlons . 

It  is  noted  merely  that  the  lower  curve  in  Figure  8  agrees  rather  well 
with  the  broken-line  curve  in  Figure  7*  Both  represent  data  for  lAe  unmodi¬ 
fied  shell,  detonated  staticaUy,  There  were,  however,  differences  between 
them  in  obliquities  aiid  the  use  of  the  amor  sld.rt. 

Two  groups  of  shell  were  detonated  statically  at  48.5  inches  frcm  the 
ma.'*n  amor.  For  one  of  these  groupe  a  1/2-inch  skirt  was  placed  iinmediately 
in  front  of  the  shell  (Figure  2) ,  Total  penetration  for  these  groups  averaged 
7o3  inches  without  skirt  and  7.1  inches  with  skirt.  The  difference  is  not 
statistically  significant. 

A  comparison  of  two  test  results  is  given  in  Table  17. 


Table  17.  Comparison  of  Static  Detonations  Conducted  Here  and  Those 
Reported  in  Reference  6,  with  1044  Projectilea  with  Ogives 
Intact^  at  0®  Obliquity. 


Average  Penetration,  inches 


Standoff, 

Firings  in  This  Report 

Firings  of  Reference 

inches 

Against  md  Steel 

Against  Armor  Plate 

0 

17.8 

14.4 

7.9 

— — 

10.2 

12.5 

12.8 

— 

18 

— - 

5.0 

31o5 

— 

4.7 

48.5 

7,3 

— 

z 


Ihree  in9X>rtant  points  are  brought  out  in  the  Table  17.  First,  both 
test  programs  indicate  a  marked  decrease  in  penetration  as  standoff  is  in¬ 
creased,  Second,  the  commonly  accepted  belief  that  shaped  charges  at  optimum 
standoff  (built-in  standoff  or  0  inches  standoff  in  the  Table  17)  will  pene¬ 
trate  only  about  85Jt  as  much  amor  plate  (300  to  400  Bhn)  as  thsy  will  mild 
steel  (100  to  150  Bhn)  is  substar.ti&IIy  b<^ne  out.  Third,  as  standoff 
increases  the  differeno!i  between  the  penetration  into  amor  plate  and  that 
of  mild  steel  beoaoes  moz«  prcnoonced,  IMs  is  also  accepted  tlieory. 


3*3  Obeervmtloos 


Ihe  conical-shaped  ogive  of  the  106-eB,  1044,  HEAT  projectile  has  a 
9/32-in^h  wall  thicloMss.  Ebcoept  for  the  polnt^initlating  atchAoisa  (Figurss 
1  and  9)  *  the  ogive  is  fabricated  from  eteel,  A  Jet  pasting  through  the  axle 
of  the  o^ve  would  penetrete  only  the  ncee  eeotLon  (li|^t  aetal,  ■eohanlsa) 
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Tdiich  ±5  aboat  two  inches  in  length.  Removing  the  ogive,  for  static  con¬ 
ditions,  increased  the  penetration  4  to  6  inches  (Figure  8)  in  mild  steel. 
Ihe  tests  of  the  1.044  reported  in  Reference  6  also  demons  tinted  that  a 
significant  increase  in  penetration  could  be  obtained  by  removing  the 
ogive  prior  to  static  detonation. 

In  the  spaced-armor  tests  of  Reference  5>  using  the  3»5"'inoh*  iSi8^2, 
HEAT  rocket  heids  statically  detonated  against  a  simple  mild  steel  spaced 
amoTj  the  spaced  annor  tended  first  to  increase  the  total  penetration  and 
then  to  decrease  it,  with  increased  space.  At  6  ii^ches  the  total  penetra¬ 
tion  was  about  6%  hi^r  than  into  solid  steely  and  about  18  Inches  of  space 
was  req\iired  for  a  2%  reduction.  The  106-nDi,  HEAT,  1044  projectile,  used 
throughout  this  test,  at  6  inches  of  space,  gave  a  reduction  (Table  I) 
and  at  18  inches  of  spacing  gave  about  2n%  reduction  of  total  penetration. 

The  poor  performance  of  spaced  armor  against  the  3*5-inch,  U2dA2 
rocket  head  at  short  spaces  is  apparently  due  to  insufficient  standoff  built 
into  -the  round,  for  -the  cone  used,  wterea:,  the  lOS-nm  apparently  has  a 
standoff  much  closer  to  the  op-fcLmum  b.iilt  into  it. 

Spaced  armor  appeared  to  have  no  effect  except  to  increase  s-tandeff 
and  to  provide  an  addl-tlonal  -thickness,  l.e.,  the  -thickness  of  the  skirting 
plate,  for  the  jet  to  penetra-te.  Two  groups  of  shell  were  s-tatlcally 
de-tona-ted  at  48  Inches  s-tandoff  with  only  one  grfjup  using  a  skirting  plate. 
The  difference  in  average  to-tal  steel  pene-bra-tlon,  .2  inches,  (Table 
was  considered  s-ta-tlstlcally  insignificant.  Thus,  the  effectiveness  of 
spaced  armor  in  reducing  the  jet  penetra-tlon  seems  to  be  nothing  mos^  than 
standoff  effect. 


Figure  9<  Cross  Soctiem  of  -the  Ikse  Section  of  the  K344  H2AT  Projectile. 
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4.  (G)  COIJCEDSTOWS 


Obllqviity  has  little  or  no  effect  on  actual  penetration  “when  line- 
of-Jet  thicknesses  and  distances  are  used. 

An  average  of  4  to  6  inches  greater  penetration  is  obtained  when  the 
ogive  of  the  1044, HEAT  round  (statically  detonated)  is  removed. 

The  1044,  HEAT  round  gave  an  average  of  3  to  5  inches  greater  penetra¬ 
tion  when  it  was  dynamically  firod  than  when  it  was  statically  detonated. 
This  increase  may  in  part  bo  attributable  to  the  extra  velocity  imparted  to 
the  jet  by  a  value  equal  to  the  velocity  of  the  projectile. 

The  offectiveness  of  any  spaced-armor  arrangement,  against  HEAT 
ammunition,  will  be  strongly  influenced  by  the  nature  of  the  attacking 
projectile,  particularly  by  its  standoff  characteristics.  Thus  knowiedge 
of  the  standoff  cliaracteristics  of  the  HEAT  projectiles  to  be  defeated  is 
essential.  The  greater  the  Increase  in  standoff  beyond  that  provided  by 
the  ogive  of  the  M344,  the  greater  will  be  the  loss  of  penetrating  ability. 

Aside  from  the  fact  that  spaced  armor  increases  the  standoff  and 
provides  an  additional  thickness  equal  to  that  of  the  skirting  plate,  no 
other  effect  on  the  performance  of  the  11344  round  was  noted. 
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_  Correspondence 


Nl^dTUOTCindUITl  •  UNITED  STATES  GOVERNMENT 

*'*'  Mr  JDDyks  t  ra/  ghm/ 22261 


TO  I  Director,  Development  and  Proof  Services 
ATTN ;  Armor  Branch 


DAT'  t05  Ju4y:i5(57 


FROM  :  Chief,  Weapon  Systems  Laboratory,  Bal+iatic  Research  Laboratories 

suDjECT;  Test  of  HEAT  Projectiles  Against  Spaced  Armor  -  Project  TB5-  122 

1.  In  'lonnection  with  Ordnance  Project  TB3-1224,  it  is  reqxiested  that  fir¬ 
ings  be  conducted  to  determine  the  stopping  power  of  various  arrangements  of 
spaced  armor  when  attacked  by  shaped  charge  projectiles*  Results  of  previous 
tests  (reported,  for  example,  in  AD  1246,  "Sixteenth  Report  on  Ordnance  Project 
TB5-1224)  based  on  limited  firings  have  tended  to  be  Inconsistent  with  expecta¬ 
tions  based  on  static  firings  of  shaped  charge  projectiles  conducted  by  the  BRL. 

The  object  of  the  proposed  test  la  to  resolve  the  apparent  differences  and  to 
further  Investigate  the  performance  charswsteristicB  of  spaced  aimor  when  attacked 
by  HEAT  projectiles.  The  detailed  test  plan  is  provided  as  Inclosure  1.  As  may 
be  seen,  factors  associated  with  dynamic  versiis  static  firings,  plate  spacing 
and  .armor  obliquity  are  to  be  Investigated. 

2,  The  results  of  the  subject  test  will  be  classified  Confidential,  its  DA 

priority  is  lA  and  funding  is  to  be  provided  under  BA  No.  492-217-04.  ‘ 

j)  ■/ 

5.  Mr.  John  Dylsstra,  telephone  extension  22261,  will  be  the  Weapon  Systems 
Laboratory  project  officer  and  should  be  contacted  for  any  further  details  I'cla- 
tive  to  the  test  program. 

4.  It  is  requested  that  completed  Authorized  Test  Program  Form  CRIBO-TP- 
997>  giving  a  breakdown  of  estimated  cost,  be  forwarded  to  Chief,  Weapon  Systems 
Laboratory  prior  to  commencement  of  work  on  this  program.  A  rou^  estimate  pf 
the  date  of  completion  of  the  firing  program  is  also  desired. 

5.  Expenditure  of  funds  for  this  program  will  not  exceed  the  agreed  upon 
total  estimated  cost  without  specific  authority  of  the  Chief,  W3L,  BRL. 

6.  Clearance  to  commence  this  program  will  be  furnished  by  pnone  and  con¬ 
firmed  by  a  second  memorandum  to  Director,  D&PS  from  Chief,  W3L,  after  review  and 
agreement  as  to  estimated  cost. 


1  Incl 

1.  Plan  of  Test 
CC: 

BRL  Safety  Office  V 
BRL  Budget  Office 


CiiJff,  v.'-.*.  ■ 
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PLAN  OP  TEST  -  lOdnm  HEAT  PROJECTILE 
VERSUS  SPACED  ARMOR  -  PHOJECT  TB3-1^^^ 


1.  The  ammunition  to  be  fired  is  the  ic6mm  M544  HEAT  projectile.  It  is 
desired  that  all  test  rounds  be  from  the  same  lot,  including  those  modified 
for  static  detonation.  Ten  fair  hits  shall  be  fired  at  each  test  condition. 


2.  Spaced  plate  and  target  material  may  be  either  mild  steel,  unheat- 
treated  armor  or  specification  armor,  final  choice  to  be  made  by  the  BRL  on 
advice  fi'om  D&PS  on  available  material.  All  steel  used  shall  have  comparable 
characteristics  in  order  to  avoid  differences  of  strength  or  hardness  level 
over  the  length  of  penetration.  Steel  of  uniform  quality  is  to  be  used 
throughout  the  test. 


5.  Total  depth  of  penetration  shall  be  determined  accurately  to  within 
+  l/V  for  all  rounds.  Basic  target  shall  consist  of  a  pack  of  plates  of  un 
iform  thickness  maintained  solidly  in  contact  and  of  sixfficient  number  to 
completely  contain  the  penetration.  Thickness  of  the  individual  plates  will 
be  l/2"  to  l"  inclusive. 


4,  Face  plates,  when  used,  will  be  of  the  same  armor  as  the  basic  teurget 
and  of  any  convenient  area.  Space  shall  be  the  perpendicular  distance  from 
the  back  of  the  face  plate  to  the  face  of  the  basic  target.  Space  shall  be 
maintained  by  adequate  supports  between  the  face  plate  and  basic  armor  to  pre¬ 
vent  collapse  of  the  face  plate  on  impact.  Such  supports  shall  not  interfere 
with  the  jet. 

5.  Test  conditions  shall  be  as  follows: 


a.  Static  Tests: 


Obliquity  (degrees) 


Space  (in) 

0 

45  bO 

0 

X 

X 

6 

X* 

X 

8-1/2 

X 

12 

X 

X 

17 

24 

X 

X 

Dynamic  tests: 

Space (in) 

Obliquity  (degrees) 

0 _ 

45  w 

0 

X 

X  X 

6 

X 

8-1/2 

X 

12 

XM 

XM 

17 

X 

X 

24 

X 

X 
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6.  High  speed  motion  pictures  (8  or  l6nim  Fax±ax)  shall  be  taken  of  five 
rounds  of  each  of  the  conditions  marked  "m"  of  6b  for  det'^rmination  of  fuze 
actions  and  face  plate  collapse. 

7.  ft^namic  tests  (paragraph  6b)  are  to  be  fired  first,  with  order  of  pre¬ 
ference  60  ,  0  ,  45  . 
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Office  lAemovanduM  •  united  states  government 

MrJDDyk8tra/ghB/2226l 


TO  I  Director,  Development  and  Proof  Services 
ATTN:  Automotive  Division,  Armor  Branch 


DATE:  5  December  1957 


FROM  I  Chief,  Weapon  Systems  Laboratory,  Beilllstic  Peseeu’ch  Laboratories 


SUBJECT:  Test  of  HEAT  Projectiles  Against  Spaced  Armor  -  Project  TB3-1224 
PUFERENCE:  BRL  letter  dated  30  July  1957 


1.  The  estimated  cost  of  this  progrr^  as  contained  in  the  Authorized  Test 
Program  Form  dui  ed  19  September  1957  and  revised  November  1957  hap  been  reviewed 
and  approved, 

2.  It  is  requested  that  this  test  be  executed  as  planned,  commencing  as  soon 
as  possible,  DA  priority  of  this  project  is  lA. 

3.  Funds  in  the  amount  of  $21,950.74  are  to  be  trimsf erred  from  Project  Tb3- 
1224,  XO  No.  492-318-01,  to  cover  cost  of  *His  test. 

4.  It  is  requested  that  Mr.  John  Dykstra,  Extension  22261,  be  notified  when 
firing  is  begun. 


CC: 

BRL  Budget  Office 

BRL  Safety  Office 

Ch,  Adm  Dlv,  BRL 

Program  Planning  Off,  D  and  PS 


I'Tv’  ank'  r,.  ciJrrnng 

Chief.  WojpoM  rvflboratqrr 

Dalli.il.-  K'c.vi.rcli  I.  iLioriiorie^ 
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Ojfice  ^N[^7U0T(ZYlduvl  •  united  states  government 

Mr  JDDykstra/ ghm/ 2226l 

TO  :  Director,  Development  and  Proof  Services  DATE:  17  March  I958 

ATTN;  Automotive  Division,  Armor  Branch 

FROM  :  Clhief,  Weapon  Syst^mis  Laboratory,  Ballistic  Research  Laboratories 


SUBJECT:  Test  of  HEAT  Project>iles  A^jainst  Spaced  Armor,  Project  1B3-1224 


1.  It  is  requested  ohat  the  subject  test  currently  in  progress  be  extended 
by  statically  firing  10  rounds  at  normal  obliquity  against  each  of  the  following 
conditions : 

a.  1/2"  faceplate,  48"  space. 

b.  No  faceplate,  projectile  12.5"  emd  48.5"  from  target  pack. 

c.  No  faceplate,  ogive  of  projectile  saved  off  Just  ahead  of  cone  base, 
base  of  cone  21.2",  33.2"  and  57*2''  from  target  pack. 


These  60  rounds  should  be  of  the  same  lot  of  ammunition  as  those  used  in  the  bal¬ 
ance  of  the  test  if  possible.  Target  makeup  should  be  consistent  with  the  remain¬ 
der  of  the  test. 

2.  It  is  requested  that  an  estimate  of  any  additional  funding  required  be 
submitted  to  this  Laboratory. 


frank  J:.  OKUfiBil 

Weapon  S^atema  Laborator> 


Tost  or  If  'AT  Proj:ctiluo  /i.Uinrit  Space J.  Amor  -  (U) 
Projoot  TBp- 

Chlcr^  ■•capeos  Sj'Oocr.*^  Clixol'^  /utmotlvo  2—  jopboinbor  50 

Leborotcry,  ballietio  L'li^iuoorin;;  Toatinc,.y . S  li*  t>i;voit..lcy/;o/dG:£6i' 

Rcsoaroii  Laboratories  ' 

AilTtj  1*1’,  .Jo}ui  £j,'lajtra 

1#  As  por  ccnTcronoo  \.it:i  Vx,  Pvicstra,  an  ”oacin<ito  oi'  cost”  has  boon  proparod 
Tor  Iho  static  d^etomtloii  of  an  additioml  25  l06-i;ira  Ji  AT  Mjlj|  projoctiloo, 

2.  Toa  of  tlio  additional  roiinds  v/ill  bo  detomted  to  dotorr.iuo  tho  rcductiora 
of  jet  ponotration  caused  by  tbe  nose  ooction  of  tho  orivo.  Thic  will  ho  aocoaiplishoa 
by  sawing  off  tho  c^ive  Juct  olioad  of  tho  cono  baaot  T-ho  Mcxiillod  iirojoctilo  v/ill 
tlion  bo  dotomtod,  at  norosil  obli<iuity*  into  a  ’'uillcl  stool"  tarjet  at  a  standoff 
equal  Ur  tho  lon^tli  cut  off  of  tho  prcjoetilo. 

5*  Tlio  roraiuijv^  un:aodifiod  rounds  v/ill  bo  dotonatod  at  tho  noraal  built-in 
Butt.iacff  Lo  detorinino  thio  variation  in  jot  ponotration  lot\/oon  tlio  tv/o  lots  of 
projootilo  used  in  tl;la  tost* 

4*  Tlio  total  csti.'Ato  of  cos'c  Is  ^037* 00. 


CC  A,  GROrrJ,  JiU 

ilRL  bud^ot  Offico 


SECURITY  CLASSIFICATION  U/mc) 


DISPOSITION  FORM 


SUIJECT  Test  of  HEAT  Projectiles  Against  Spaced  Armor, 
Project  TB5-I22'i 


TO  Director,  D&PS  «0»»  Chief,  ^SL,  BRL  DATE  5  October  I958  COMMENT  NO.  I 

ATTN-  Automotive  Div.,  A.Tnor  Br.  ,,  ^ 

'  Mr JDDykstra,  ghm/2226l 


1.  The  extension  of  subject  test  proposed  in  your  memo  dated  22  September 
1958  has  been  reviewed  and  cost  estimete  per  Authorized  Test  Program  Form  dated 
19  September  195S  approved. 

2,  Funds  in  the  amount  of  $2,096.00  are  to  be  trtnsferred  from  Ordnance 
Project  TB3-1224,  XO  No.  492-318-11  (FY  59)  to  cover  cost  of  this  test. 


Budget  Branch,  BRL 


KKAM\  IC  GKUHIJS 

Chief.  Weapou  Systems  Laboratory 


00  I  jflll 
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Armed  Services  Technical  Information  Agency 

ARLINGTON  HALL  STATION 
ARLINGTON  12  VIRGINIA 


FOR 

MICRO-CARD 
CONTROL  ONLY 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS.  SPECinCATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PORPOSE  OTHER  THAN  IN  CONNECTION  WITH  A  DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIQDT8  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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